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(57) A data transmission apparatus comprises a 
data receiving section (21 ), a memory section (7, 8), an 
acquisition section (25, 26), a comparison section (25, 
26, 27), a determination section (27) and a discard sec- 
tion (23, 24, 28, 29). The comparison section (25, 26, 27) 
compares transmission time period data consisting of an 
expected transmission time period read from the mem- 
ory section (7, 8) and a present time point, with the re- 
ceiving time limit of a packet acquired by the acquisition 
section (25, 26). The determination section (27) deter- 
mines whether or not the packet will be received by a 
receiver of destination by the receiving time limit, on the 
basis of the comparison result. The discard section (23, 
24, 28, 29) discards the packet if the determination sec- 
tion (27) determines that the packet will not be received 
by the receiver of destination by the receiving time limit. 
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This invention relates to data transmission method 
and apparatus applicable to a network system. 

Some network systems, such as a LAN, a WAN, 
etc., comprise nodes for performing data transmission 
control, host apparatuses respectiv ly connected to the 
nodes, and transmission lines, such as communication 
cables, which connect the nodes to each other. 

FIG. 1 shows a conventional network system of this 
type. As shown in FIG. 1 , the network system has nodes 
N1 - NN (only nodes N1 - N5 are shown for conven- 
ience's sake), programmable controllers PC1 - PCN (on- 
ly controllers PC1 - PC7 are shown) as host apparatus- 
es, and transmission lines L1 , L2, L3, .... L12 and L14. 

When data transmission is necessary between the 
programmable controllers PC1 - PCN, a sender-side 
programmable controller combines a header and main 
data into a data packet (which will be called simply "pack- 
et"). Hereinafter, suppose that each packet includes both 
data of a fixed length and data of a non-fixed length. The 
header includes address data, sender data, data indica- 
tive of the type of transmission data, and data indicative 
of the manner of processing at a destination. A receiv- 
er-side node issues a request for transmitting data to a 
sender-side node. When the sender-side node has re- 
ceived the request, it transmits a packet to an unoccu- 
pied transmission line in the network. The packet is 
transmitted to a programmable controller PC of destina- 
tion via a single transmission line or a plurality of trans- 
mission lines. 

The above-described network system can be used 
not only in a communication network but also in an au- 
tomatic manufacturing factory. In the automatic manu- 
facturing factory, various manufacturing machines are 
separately arranged along a manufacturing line, and 
controllers are installed for monitoring and controlling the 
machines. The network system is used to transmit vari- 
ous data between the controllers. 

Other than the network system shown in FIG. 1, 
there are various types of network systems, such as a 
bus-type network system (e.g. ETHERNET (ISO 
IS8802.3); TOKEN BUS (ISO IS8802.4)) or a loop-type 
network system (e.g. TOKEN RING (ISO IS8802.5). Fur- 
ther, an ATM (Asynchronous Transfer Mode) has recent- 
ly been highlighted. The ATM can increase the speed of 
data transmission and the efficiency of transmission 
lines in a network system. The ATM will be used even in 
an ISDN (Integrated Services Digital Network). The ATM 
performs communication using cells. Each cell is a 
53-byte packet of a predetermined length, which con- 
sists of a header and a user data area of 48 bytes. In the 
ATM, each node has its dedicated switch, which is oper- 
ated to switch transmission lines from one to another on 
the basis of transmission line data included in the header, 
in order to guide a cell transmitted to the switch through 
an inlet port, to an output port. The cell is transmitted to 
a destination as a result of switch operations by the 



switches of some nod s. 

In the conventional network system, packet trans- 
mission is influenced by data communication r quests 
which are momentarily issued in the system until it reach- 
s es a destination. Therefore, the packet is not necessarily 
transmitted to a destination within an xpected period of 
time. If the packet is not transmitted within the expected 
time period, it cannot effectively be used. However, 
transmission of even a no more useful packet is contin- 
ue ued in the network system until it reaches the destination. 
Such useless packets promote the traffic jam in the net- 
work system, and degrade the efficiency of the network 
system. 

To avoid traffic jam in the network system, the ATM 

is takes the following precaution: 

When a host apparatus has issued a request for data 
transmission, the ATM determines, by negotiation, the 
amount of data which can be transmitted from the host 
apparatus per unit hour. If the host apparatus tries to 

20 transmit an excessive amount of cells, the ATM discards 
these cells to prevent traffic jam, thereby enabling host 
apparatuses connected to each other to use the network 
with high efficiency. 

However, the ATM in which data transmission is per- 

2S formed within a communication capacity determined by 
the negotiation needs to set a communication rule based 
on the average value or the peak value of a communi- 
cation amount. Unless occurrence of data can be roughly 
grasped beforehand, efficient data transmission cannot 

30 be expected. In the communication between controllers 
used in an automatic manufacturing factory, for example, 
requests for communication are issued at random. 
Therefore, it is difficult to apply, to the controllers, a sys- 
tem such as the ATM whose communication capacity is 

35 predetermined. 

On the other hand, there is a network system which 
has a function for performing feedback communication 
to confirm transmission of data between a sender and a 
receiver of destination. In this system, however, if the re- 

40 ceiver of destination (i.e. the last receiver to which data 
is transmitted) receives data after an expected time pe- 
riod elapses, it in turn transmits a useless confirmation 
signal to the sender. The sender, on the other hand, con- 
tinues to monitor whether or not data transmission has 

45 succeeded, in order to confirm feedback communication. 
As a result, the start of the next operation is inevitably 
significantly delayed. Under the above-described cir- 
cumstances, it is difficult to balance a monitoring time 
period for confirming whether the data transmission has 

50 succeeded, with a monitoring time period for reducing 
the delay of the start of the next operation. 

Moreover, in the conventional network system, a sin- 
gle communication route is normally used to transmit 
data to each destination, even where the system has a 

55 plurality of communication routes for each destination. 
The line setting is performed, in most cases, statically. 
For example, when an abnormalilty has occurred on a 
pr sent route, the route is for the first time changed to a 
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substitution route. 

Further, there is a public network which performs dy- 
namic route change. In this case, however, the traffic jam 
of the overall network is relaxed by setting another rout 
only in a predetermin d time zone bas d on statistical 
data. Thus, the traffic jam relaxation does not dep nd 
upon the conditions of an individual packet. 

It is the object of the invention to provide data trans- 
mission method and apparatus capable of relaxing the 
traffic jam of data transmission in a network system. 

According to a first aspect of the invention, there is 
provided an apparatus for selectively transmitting, via a 
network, a packet including data concerning a receiving 
time limit by which the packet should be received by a 
receiver of destination, comprising: 

means for determining whether or not the packet 
will be received by the receiver of destination by the re- 
ceiving time limit, on the basis of the receiving time limit, 
an expected packet-transmission time period calculated 
from the receiving time limit, and a present time point; 
and 

means for discarding the packet when the deter- 
mination means has determined that the packet will not 
be received by the receiver of destination by the receiv- 
ing time limit, and transmitting the packet via the network 
when the determination means has determined that the 
packet will be received by the receiver of destination by 
the receiving time limit. 

According to a second aspect of the invention, there 
is provided a communication system for selectively 
transmitting, between a network and a plurality of data 
transmission apparatuses connected to the network, a 
packet including data concerning a receiving time limit 
by which the packet should be received by a receiver of 
destination, comprising: 

means for determining whether or not the packet 
will be received by the receiver of destination by the re- 
ceiving time limit, on the basis of the receiving time limit, 
an expected packet-transmission time period calculated 
from the receiving time limit, and a present time point; 
and 

means for discarding the packet when the deter- 
mination means has determined that the packet will not 
be received by the receiver of destination by the receiv- 
ing time limit, and transmitting the packet via the network 
when the determination means has determined that the 
packet will be received by the receiver of destination by 
the receiving time limit. 

According to a third aspect of the invention, there is 
provided a method for selectively transmitting, via a net- 
work, a packet including data concerning a receiving 
time limit by which the packet should be received by a 
receiver of destination, comprising the steps of: 

determining whether or not the packet will be re- 
ceived by the receiver of destination by the receiving time 
limit, on the basis of the receiving time limit, an expected 
packet-transmission tim p riod calculated from the re- 
ceiving tim limit, and a pr sent time point; and 



discarding the packet when the determination 
means has d termin d that the packet will not be re- 
ceiv d by the receiver of destination by the receiving tim 
limit, and transmitting the packet via the network when 
s the determination means has determined that th pack t 
will be received by the rec iver of destination by the r - 
ceiving time limit. 

According to a fourth aspect of the invention, there 
is provided a method for selectively transmitting, be- 
io tween a network and a plurality of data transmission ap- 
paratuses connected to the network, a packet including 
data concerning a receiving time limit by which the pack- 
et should be received by a receiver of destination, com- 
prising the steps of: 

determining whether or not the packet will be re- 
ceived by the receiver of destination by the receiving time 
limit, on the basis of the receiving time limit, an expected 
packet-transmission time period calculated from the re- 
ceiving time limit, and a present time point; and 

discarding the packet when the determination 
means has determined that the packet will not be re- 
ceived by the receiver of destination by the receiving time 
limit, and transmitting the packet via the network when 
the determination means has determined that the packet 
will be received by the receiver of destination by the re- 
ceiving time limit. 

According to a fifth aspect of the invention, there is 
provided a data transmission apparatus for transmitting, 
via a network, a packet including data concerning a re- 
ceiving time limit by which the packet should be received 
by a receiver of destination, comprising: 

data receiving means for receiving the packet 
transmitted via the network; 

memory means for obtaining and storing an ex- 
pected transmission time period required for the re- 
ceived packet to be transmitted to the receiver of desti- 
nation; 

acquisition means for acquiring the receiving time 
limit from the received packet; 

comparison means for comparing transmission 
time period data consisting of the expected transmission 
time period read from the memory means and a present 
time point, with the receiving time limit acquired from the 
packet; 

determination means for determining whether or 
not the packet will be received by the receiver of desti- 
nation by the receiving time limit, on the basis of the com- 
parison result obtained from the comparison means; and 
discard means for discarding the packet if the de- 
termination means determines that the packet will not be 
received by the receiver of destination by the receiving 
time limit. 

According to a sixth aspect of the invention, there is 
provided a data transmission method for transmitting, via 
a network, a packet including data concerning a receiv- 
ing time limit by which the packet should be r ceiv d by 
a receiver of destination, comprising th st ps of: 

receiving the pack t transmitted via the network; 
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obtaining and storing an xpected transmission 
time period required for the r ceived packet to be trans- 
mitted to th receiver of destination; 

acquiring the r ceiving time limit from the received 
packet; 

comparing transmission time period data consist- 
ing of the expected transmission time period read from 
the memory means and a present time point, with the 
receiving time limit acquired from the packet; 

determining whether or not the packet will be re- 
ceived by the receiver of destination by the receiving time 
limit, on the basis of a comparison result obtained in the 
comparison step; 

discarding the packet if it is determined that the 
packet will not be received by the receiver of destination 
by the receiving time limit; and 

transmitting the packet via the network if it is de- 
termined that the packet will be received by the receiver 
of destination by the receiving time limit. 

This invention can be more fully understood from the 
following detailed description when taken in conjunction 
with the accompanying drawings, in which: 

FIG. 1 is a view, showing an example of a conven- 
tional network system; 

FIG. 2 is a view, showing a data transmission appa- 
ratus according to an embodiment of the invention; 

FIG. 3 is a block diagram, showing a node employed 
in the apparatus of FIG. 2; 

FIG. 4 is a table, showing data stored in a first mem- 
ory unit employed in the apparatus of FIG. 2; 

FIG. 5 is a table, showing data stored in a second 
memory unit employed in the apparatus of FIG. 2; 

FIG. 6 is a flowchart, showing the gist of the opera- 
tion of the invention; 

FIG. 7 is a flowchart, useful in explaining the prepa- 
ration of determination result data in a determination 
section; and 

FIG. 8 is a deta transmission apparatus according 
to another embodiment of the invention. 

A network system to which a data transmission ap- 
paratus according to an embodiment of the invention is 
applied will be explained with reference to FIG. 2. As 
shown in FIG. 2, the network system comprises nodes 
N#1 - N#tsk^sa4y nodes N#1 - N#5 are shown); host ap- 
paratuses H#1 - H#NN (only host apparatuses H#1 - H#7 
are shown) connected to the nodes; and transmission 
lines L#1, L#2, L#3, .... L#12, L#14 .... such as commu- 
nication cables, which connect the nodes to the host ap- 
paratuses or the nodes themselves. Further, signs N#n, 



H#n and L#n, which will appear later, denote a voluntary 
node, a voluntary host apparatus and a voluntary trans- 
mission line, respectively. Each of the host apparatus 
H#1 - H#NN typically consists of a programmabl con- 
5 troll r, a personal computer, a work station or a 
large-scale computer. 

At the time of data transmission, each host appara- 
tus H#n combines main transmission data and peripher- 
al data into a packet 1 , and issues a request for trans- 
it mission to a corresponding node N#n which is connected 
to the host apparatus H#n via a corresponding transmis- 
sion line L#n. The peripheral data includes address data 
indicative of a destination, receiving time limit data indic- 
ative of a time limit by which data is to be received, pri- 
1S ority data indicative of the priority of the processing of 
the packet 1 , route selection data indicative of a trans- 
mission route to be used, and sender data indicative of 
a sender. 

However, the host apparatus H#n may not include 
20 the priority data and the route selection data. In this case, 
it is considered that the priority is lowest, and no trans- 
mission line is predetermined. 

Moreover, the peripheral data also includes data in- 
dicative of the type of the transmission data, data indic- 
es ative of the manner of processing at the destination, etc. 
Each data included in the peripheral data may be con- 
tained in a header as employed in the ATM, or be insert- 
ed in the main transmission data. 

FIG. 3 shows a node employed in the embodiment. 
so As is shown in FIG. 3, a voluntary node N#a of the 
nodes N#1 - N#N has at least one input section 2 (only 
one input section is shown in FIG. 3) for receiving the 
packet 1 from another node N#n or a host apparatus 
H#n; at least one output section 4 (only one output sec- 
3S tion is shown in FIG. 3) for outputting the packet 1 to the 
destination, i.e. the node N#n or the host apparatus H#n; 
a transmission section 3 for transmitting the packet 1 
from the input section 2 to the output section 4; and a 
common bus 5 connecting the above sections to each 
40 other. 

The node N#a further has a clock section 6 connect- 
ed to the common bus 5, a first memory section 7, a sec- 
ond memory section 8 and a microcomputer 9 for com- 
mon control. 

4S in the input section 2, the packet 1 is received by a 
signal receiving/inputting circuit 21, and stored in an in- 
put buffer 22. After once input to an input queue section 
23, or directly from the input buffer 22, the packet 1 is 
transmitted to the output section 4 by means of the trans- 

so mission section 3 via an input port section 24. 

When the packet 1 is transmitted from the circuit 21 
to the input buffer 22, a first recognition section 25 de- 
rives necessary data from the packet 1 . A determination 
section 27 determines how to deal with the packet 1 on 

55 the basis of data from first and second recognition sec- * 
tions 25 and 26. In accordance with the determination 
result, a data inserting section 28 performs alteration of 
data, ins rtion of data, alteration of priority (alteration of 
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order), etc. 

The data derived by the first recognition section 25 
is input to a priority control s ction 29, which in turn con- 
trols the queuing operation from the input buffer 22 to the 
input queue section 23, and th input port s ction 24 on 
the basis of the derived data. 

The signal receiving/inputting circuit 21 is connected 
to a transmission line L#n connected to the node N#n or 
the host apparatus H#n, such that it can receive the 
packet 1 . 

The input buffer 22 has a memory buffer for storing 
the packet 1 received by the circuit 21 . The buffer 22 can 
alter data stored in the memory buffer, using the data 
inserting section 28, and also can supply the stored data 
to the input queue section 23, or to the transmission sec- 
tion 3 via the input port section 24. 

The input queue section 23 has at least one queue. 
In this embodiment, the input queue section 23 has three 
queues 23a, 23b and 23c of different processing priority 
classes. In accordance with the instruction of the priority 
control section 29, each queue 23x receives packets 1 
of different priority degrees in the order of lower priority, 
and outputs them in the order of higher priority. Further, 
the input queue section 23 is arranged such that the con- 
tents of each packet 1 stored in each queue 23x can be 
altered by means of the data inserting section 28, and 
the packet can be moved in each queue 23x or between 
different queues 23x by means of the data inserting sec- 
tion 28. 

During a usual operation, the input port section 24 
p rforms switching of connection to transmit respective 
highest-priority packets 1 in the queues 23a, 23b and 23c 
to the transmission section 3 at a predetermined fre- 
quency in the order of priority of the queues. On the other 
hand, when the input port section 24 has received an 
input switching signal 29a from the priority control sec- 
tion 29, it performs switching of connection to transmit a 
packet 1 stored in the input buffer 22, to the transmission 
section 3. FIG. 3 shows an example of connection, 
wherein the queue 23a is connected to the transmission 
section 3. 

The first recognition section 25 derives, from the re- 
ceived packet 1 , each data included in a predetermined 
area of the packet, which is set and inserted by the send- 
er host apparatus H#n or the node N#n on the route. That 
is, the section 25 derives the address data, the receiving 
time limit data, the priority class data, the route selection 
data and the sender data. 

The second recognition section 26 derives, from the 
first memory section 7, data indicative of expected trans- 
mission time periods required to take necessary routes 
and data indicative of traffic jam, on the basis of the ad- 
dress data derived by the first recognition section 25. The 
necessary routes mean all routes leading from the 
present node N#a to another node N#x which is indicated 
by the addr ss data and necessary for transmitting data 
to the host apparatus H#x of destination, or from the 
present node N#a to the host apparatus H#x of destina- 



8 
tion. 

The first m mory section 7 stores, as data neces- 
sary to obtain data on a route leading to the another node 
N#x (or the host apparatus H#x of destination), all routes 
s leading to any node N#n other than the present node 
N#a, an expect d transmission time period required to 
transmit data via each route, the next node correspond- 
ing to each route, traffic jam data, etc. For example, if 
the present node N#a is the node N#3, data as shown 
10 in FIG. 4 is stored. 

The expected time period is calculated on the basis 
, of each route and the performance of each node N#n 
and each transmission line L#n on the route, etc, or on 
the basis of the actual transmission time period of each 
is route when no traffic jam occurs on the route. The traffic 
jam data indicates an index for obtaining a busy state of 
each route, or indicates a delay time at each node due 
to traffic jam. In the embodiment, data regarding the rate 
of processing at the next node is used as the traffic jam 
data. 

Various data other than the above can be used as 
the traffic jam data. For example, the number of the pack- 
ets 1 stored in the input queue section 23 of each node 
in each route may be used as the traffic jam data. Data 
on the priority class of each queue in the input queue 
section 23 may be included in the traffic jam data, as well 
as the lumber of the packets. Alternatively, the traffic jam 
data may be expected data calculated from route selec- 
tion data, etc. included in a previously received packet 
or a presently received one. 

The determination section 27 determines whether or 
not the packet 1 can be received by a receiving time limit, 
on the basis of the receiving time limit data, the route 
selection data and the sender data, which are read from 
the first recognition section 25, the expected transmis- 
sion time data and traffic jam data of each route, which 
are read from the second recognition section 26, and 
present time data read from the clock section 6. On the 
basis of the determination, the section 27 outputs deter- 
mination result data including a present-state-mainte- 
nance instruction, a route-change instruction, a priority 
class-designating instruction, a data-discard instruction, 
etc. Then, the section 27 calculates an expected delay 
time period by performing addition, subtraction, multipli- 
cation or division of an expected transmission time peri- 
od and traffic jam data with the use of necessary coeffi- 
cients, respectively. Moreover, the section 27 outputs an 
output port number corresponding to the next node N#n 
(or host apparatus H#n), on the basis of the determina- 
tion result data and data stored in the second memory 
section 8. 

The clock section 6 synchronizes the operations of 
all nodes and all host apparatuses within an allowable 
error range. 

The second memory section 8 stores data on an out- 
put port conn cted to a transmission lin L#ab between 
th present nod N#a and the next node N#b, which is 
located on th rout leading from the present node N#a 
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*to a target node N#x. FIG. 5 shows data and stored in 
the second memory s ction 8 of the node N#3. 

On the basis of the determination result data output 
from the determination section 27 and an output port 
number corresponding to the next node N#n, the data s 
inserting section 28 ins its output port number data and 
other necessary data into the packet 1 which still remains 
in the input buffer 22 or is already input tothe input queue 
section 23, or alters those data. 

The determination result data includes a priority io 
class-designating instruction. Where the packet 1 is al- 
ready input to any queue 23x of the input queue section 
23, the data inserting section 28 can shift the packet 1 
to that portion of the queue 23x which is designated by 
the priority class- designating instruction. is 

The priority control section 29 switches the input port 
section 24 such that the packet 1 in the input buffer 22 
is transmitted to the transmission section 3, when the pri- 
ority class data read from the first recognition section in- 
dicates the highest priority class. If, on the other hand, 20 
the data indicates other priority class, the control section 
29 controls the input queue section 23 so as to input the 
packet 1 to a queue 23x corresponding to the designated 
priority class. 

An input control section 210 comprises a schedule 25 
section for controlling the timing of the data transmission 
processing of each element in the node N#a and be- 
tween elements located in the vicinity of the node, there- 
by controlling the generation of necessary timing signals, 
etc. 30 

The transmission section 3 has a switch of a function 
for transmitting the packet 1 input from the input port sec- 
tion 24, to an output port section 41 corresponding to the 
next node N#b. This switch may consist of an ATM 
switch, an ETHERNET switch, an FDDI switch, etc. 35 

The output section 4 comprises the output port sec- 
tion 41, a transmission signal output circuit 42 and an 
output section control section 43. 

The output port section 41 has a memory element 
for temporarily buffering the packet 1 transmitted from 40 
the transmission section 3 and to be output from the 
present node N#a to the next node N#b on the route. 

The transmission signal output circuit 42 is connect- 
ed to another node N#n or a host apparatus H#n by 
means of a transmission line L#n, and transmits the *s 
packet in the output port section 41 . 

The output section control section 43 comprises a 
schedule section for controlling the timing of the data 
transmission processing of each element in the node 
N#a and between elements located in the vicinity of the so 
node, thereby controlling the generation of necessary 
timing signals, etc. 

The common control microcomputer 9 is construct- 
ed to perform those various control operations other than 
the above-described ones, which are necessary to op- ss 
erate the node N#a. 

The operation of the above-d scribed data trans- 
mission apparatus employed in the network system and 



according to the invention will now be explained. Ref r- 
ring first to FIG. 6, the operation will be explained. The 
gist of the invention lies in a data transmission method 
for transmitting via a network a packet which includes a 
receiving time limit. This method includ s a data receiv- 
ing step 100, a memory step 101, an acquisition step 
102, a comparison step 103, a determination step 104, 
a discard step 105, and a data transmission step 106. 

In the data receiving step 100, a packet transmitted 
via the network is received. In the memory step 101 , the 
expected transmission time period required to transmit 
the packet, received in the data receiving step 100, to a 
destination is obtained and stored. In the acquisition step 

1 02, the receiving time limit by which the packet received 
in the data receiving step 100 should reach the destina- 
tion is acquired from the packet. In the comparison step 

1 03, travel time data, which indicates the expected travel 
time period of the packet read in the memory step 101 
and the present time point, is compared with the receiv- 
ing time limit acquired in the acquisition step 1 02. On the 
basis of the comparison result in the comparison step 
103, it is determined in the determination step 104 
whether or not the packet will be received by the host 
apparatus of destination by the receiving time limit. If it 
is determined in the determination step 104 that the 
packet will not be received by the receiving time limit, the 
packet is discarded in the discard step 105. If, on the 
other hand, it is determined in the determination step 1 04 
that the packet will be received by the receiving time limit, 
the packet is transmitted via the network. 

More specifically, in the network system of the em- 
bodiment, a voluntary host apparatus H#n combines, 
into the packet 1 , the main transmission data, the ad- 
dress data, the time limit data, the priority class data, the 
route selection data and the sender data, thereby trans- 
mitting the packet 1 to a node N#n. 

Then, in the input section 2 of the node N#n, the first 
recognition section 25 derives from the packet 1 the ad- 
dress data, the time limit data, the priority class data, the 
route selection data and the sender data. 

If the priority class data indicates the highest priority 
class, the priority control section 29 generates a priority 
processing signal 29a to the input port section 24. The 
input port section 24, in turn, supplies the transmission 
section 3 with the packet 1 buffered in the input buffer 22 
in preference to other packets. If, on the other hand, the 
priority class data indicates a priority class other than the 
highest one, the priority control section 29 controls the 
input queue section 23 so as to input the packet 1 to a 
corresponding queue 23x. 

The address data included in the various data input 
to the first recognition section 25 is supplied to the sec- 
ond recognition section 26. On the basis of the supplied 
data, the second recognition section 26 selects all routes 
leading to the destination, and an expected transmission 
time period and traffic jam data corresponding to each 
rout .thereby inputting the selected data to th det rmi- 
nation section 27. 
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The determination section 27 performs determina- 
tion on the basis of the data from the first and second 
recognition s ctions, and outputs the det rmination re- 
sult. 

The determination will be explained in mor detail 
with reference to the flowchart of FIG. 7. 

First, an expected delay time period for the presently 
designated route (or a predetermined static route where 
no particular route is designated) based on the route se- 
lection data is calculated from the ^xpected transmission 
time period and the traffic jam data. A margin time period 
is calculated by subtracting, from the receiving time limit, 
the end point of the expected delay time period, as set 
from the present time. t|1 = the margin time period/the 
expected delay time period, which is used as a parame- 
ter t|1 , is calculated (ST1 ) 

Thereafter, it is determined whether or not the pa- 
rameter T|1 is larger than 1 (ST2). If T|1 > 1, a 
present-state-maintenance instruction concerning the 
route and the priority class is added to the determination 
result data (ST3). 

If T|1 ^ 1, an expected delay time period for each 
possible route is calculated in the same manner as de- 
scribed above (ST4), thereby selecting, as a new route, 
a route with the shortest expected delay time period. A 
route-change instruction which enables the newly select- 
ed route to be set as the route selection data is added to 
the determination result data (ST5). 

Then, a parameter n.2 (= the margin time period/ the 
expected delay time period) for the newly selected route 
is calculated (ST6). 

Subsequently, it is determined whether or not tj2 is 
larger than 1 (ST7). If t|2 > 1 , a present-state-mainte- 
nance instruction concerning the priority class is added 
to the determination result data (ST8). 

Moreover, the parameter r\2 is compared with a pre- 
set (or reset in accordance with the conditions) reference 
parameter p for determining whether or not to discard 
data (ST9). If r\2 ^ p, a priority class-designating instruc- 
tion to designate a necessary priority class is added to 
the determination result data (ST10). This embodiment 
employs four priority classes including a class for trans- 
mitting data directly from the input buffer 22. The lower 
value the parameter r\2 has, the higher priority class is 
assigned. 

On the other hand, if t|2 < p, it is determined that the 
packet 1 cannot be received by the receiving time limit, 
and a data-discard instruction is added to the determi- 
nation result data (ST11). The data-discard instruction 
includes an instruction to inform the sender of the fact 
that the packet 1 has been discarded, as well as an in- 
struction to discard the packet 1. The data discard 
processing can be reported in various manners. In this 
embodiment, the report is realized by rewriting the pack- 
et 1 into a discard-reporting packet 1b by means of the 
data inserting section 27. 

Since the FIG. 7 flowchart for preparing det rmina- 
tion result data is just an xampl . a flowchart having 



steps of a different order <for example, the st p ST2 is 
replaced with the step ST4, or the step ST4 with the step 
ST9), or a flowchart of a different conception may be 
used. 

s Since the n xt plac to which th packet 1 is trans- 
mitted is determined after the preparation of the deter- 
mination result data, the determination section 27 deter- 
mines an output port number on the basis of the deter- 
mination result data and the data stored in the second 

io memory section 8. 

The data inserting section 28 alters the contents of 
the packet 1 stored in the input buffer 22 or in the input 
queue section 23 on the basis of the determination result 
data, and inserts the output port number in the packet 1 . 

is The alteration, etc. performed by the data inserting 
section 28 on the basis of the determination result data 
are as follows: 

(1) If the present-state-maintenance instruction is 
20 issued concerning both the route and the priority 

class, no alteration is performed. 

(2) If the route-change instruction is issued, the route 
selection data is altered to indicate a newly selected 

2S route. 

(3) If the present-state-maintenance instruction is 
issued concerning the priority class, the priority 
class data is not altered. 

30 

(4) If the priority class-designating instruction is 
issued, the priority class data is altered to indicate 
the designated priority class. Further, where the 
packet 1 is already stored in a queue 23x in the input 

35 queue section 23, the order of the packet 1 is 
changed in accordance with the designated class. If 
the priority class of the packet 1 is altered to the high- 
est one, the packet 1 is moved to a top portion of 
that one of the queues 23x f rom which the next trans- 

40 mission is performed. 

(5) If the data-discard instruction is issued, the main 
transmission data is discarded. The packet 1 is 
rewritten into a discard-reporting packet 1 b by mod- 

4 $ ifying the packet 1 to include only confirmation data 
for reporting the discard of data, which consists of 
the determination result data and data examined by 
the determination section 27 through the process up 
to the data-discard determination. 

so 

Thus, the packet 1 is transmitted to the transmission 
section 3 after necessary data alteration, insertion of the 
output port number and priority processing, etc. are per- 
formed. 

55 The transmission section 3 transmits the packet 1 to 
that output port section 41 of the output section 4 which 
corresponds to the insert d output port number The 
pack 1 1 is then transmitted from th transmission signal 
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Output circuit 42 to the next node N#b or host apparatus 
H#b. 

By virtue of the above-described structure and op- 
eration, the data transmission apparatus of th network 
system according to the embodiment provides the fol- 
lowing advantages: 

(1) The determination section 28 determines 
whether or not the packet 1 will be received by the 
receiving time limit, on the basis of the address data, 
the sender data and the receiving time limit which 
are included in the packet 1 and derived by the first 
recognition section 25, and also on the basis of the 
expected delay time period (i.e. the expected trans- 
mission time period and the traffic jam data) stored 
in the first memory section 7. If it is determined that 
the packet will not be received by the receiving time 
limit, the packet is discarded. Thus, any packet 
which is estimated to become useless is beforehand 
removed from the network, and hence meaningless 
traffic jam in the network can be relaxed, thereby 
realizing high speed transmission of data. 

(2) In addition to the above-described structure and 
advantage, a packet including data concerning 
packet discard is transmitted to the sender at the 
time of discarding the packet 1. Therefore, the 
sender of the packet 1 can take a necessary meas- 
ure by virtue of the discard-reporting packet. 

Moreover, the above-described network system 
is considered a feedback network system for per- 
forming feedback communication between the 
sender of data and the receiver thereof. Since in the 
network system employed in the embodiment, it is 
determined in the stage of a node whether or not 
data will be transmitted in vain, the feedback com- 
munication can be performed very quickly. Accord- 
ingly, it suffices if the sender sets only a short mon- 
itor time period to monitor whether the presently-per- 
formed data transmission has succeeded or failed. 
As a result, the sender can perform a delicate mon- 
itor operation which enables a delay in the start of 
the next operation to be restrained. 

(3) In addition to the structure and advantage men- 
tioned in item (1 ), the network system is constructed 
such that the packet 1 includes priority class data; 
the determination section 28 can determine whether 
or not the packet 1 will be received by the receiving 
time limit if the priority class in the packet 1 is altered; 
and the priority class indicated by the priority class 
data of the packet 1 is raised if it is determined that 
the packet 1 will be received by the receiving time 
limit as a result of altering the priority class. By virtue 
of this structure, the number of packets which will 
become useless unless their priority classes are 
altered can be d cr as d, thereby increasing the 
speed of the data transmission in the n twork. 



(4) In addition to the structure and advantage men- 
tioned in item (1 ), the network system is constructed 
such that the packet 1 includes route selection data; 
thed termination section 28 can determin whether 

s or not the packet will b received by the receiving 

time limit if the route is changed; and the route is 
chang d if the pack t 1 can be received by the 
receiving time limit as a result of doing so. By virtue 
of this structure, the number of packets which will 
become useless unless their routes are changed 
can be decreased, thereby increasing the speed of 
the data transmission in the network. 

(5) A multiplier effect can be obtained by combining 
the structures described in items (2) and (3), (2) and 
(4), (3) and (4), or (2), (3) and (4). 

Furthermore, the data transmission apparatus and 
method employed in the network system, or the network 
system can realize, with the use of intelligent functions, 
programmable control of machines separately installed 
along the manufacturing line in an automatic manufac- 
turing factory, or a central operating system employed 
therein. Further, they enable controllers for monitoring 
and operating the machines and the operating system to 
drive them to cooperate each other. 

FIG. 8 shows a data transmission apparatus accord- 
ing to a second embodiment of the invention. In FIG. 8, 
elements similar to those in FIGS. 2 and 3 are denoted 
by corresponding reference numerals, and explanations 
will be given of only different elements. 

In this embodiment, a voluntary host apparatus 
H#nb has a structure similar to that of the host apparatus 
H#n employed in the first embodiment, except that 
search data indicative of whether a packet 1 2 is identical 
to a search packet 1 2b or 1 2c is added to various data 
items included in the packet 12, and the transmission 
time point of the packet 12 is added to the data if the 
packet 12 is identical to the search packet 12b or 12c. 

Further, in this embodiment, a first recognition sec- 
tion 25b has a structure similar to that of the first recog- 
nition section 25 employed in the first embodiment, ex- 
cept that it derives the search data from the packet 12 
and outputs the search data and the address data to a 
data inserting section 28b. 

If the data inserting section 28b recognizes, from the 
search data and address data supplied from the first rec- 
ognition section 25b, that the packet 1 2 is identical to the 
search packet 1 2b or 1 2c and the present node N#ab is 
the destination of the search packet, the section 28b al- 
ters the contents of the packet 12 so that the packet can 
be returned to the sender. Further, the section 28b adds 
to the packet 12 data concerning the time point of 
processing at the node while the packet stays in the input 
buffer 22 of the node. 

An operation of the data transmission apparatus em- 
ployed in the network syst m and according to th sec- 
ond embodiment will now be explained. 
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The host apparatus H#nb transmits the search pack- 
et 1 2b after it adds to th packet priority class data indic- 
ative of th highest priority class. Then, the search pack- 
et 1 2b is transmitted to the transmission section 3directly 
from the input buffer 22 (without passing th input queu s 
section 23) in each node N#n until it reaches the node 
N#ab of destination. 

When the search packet 12b has reached the node 
N#ab of destination, it has its contents altered by the data 
inserting section 28 so that it can be returned to the send- to 
er, and is simultaneously provided with data on the 
processing time point at the node. 

Thus, the search packet 1 2b reciprocates between 
the sender and the destination in a time period as short 
as possible. is 

The transmission time period required to transmit 
data through the route leading from the sender to the 
destination is calculated from the difference between the 
time point at which the search packet 12b has reached 
the sender, and the processing time point at the node. 20 

If the overall data length of the packet 1 2 is kept con- 
stant as in the case of an ATM, an extremely precise 
transmission time period can be obtained. 

Using the thus-obtained precise transmission time 
period as the expected transmission time period in the 25 
first memory section 7 enables highly reliable estimation 
as to whether or not the packet 12 can be transmitted by 
the transmission time limit. 

A second operation of the data transmission appa- 
ratus employed in the network system and according to 30 
the second embodiment will be explained. 

The host apparatus H#ab transmits, to the node 
N#ab located adjacent thereto, a search packet 12c pro- 
vided with priority class data indicative of a priority class 
whose traffic jam state is to be checked. 35 

In the node N#ab, the packet 12 recognized as the 
search packet 12c has its contents altered by the data 
inserting section 28 so that it can be returned to the send- 
er, and is simultaneously provided with data on the 
processing time point at the node. 40 

The difference (difference 1 ) between the time point 
at which the search packet 1 2b has reached the sender, 
and the processing time point at the node is calculated. 
Further, the difference (difference 2) between the 
processing time point at the node and the transmission *5 
time point at the sender is calculated. Since the process- 
ing time period required at each of the signal receiving/in- 
putting circuit 21, the input buffer 22, the transmission 
section 3 and the output section 4 is predetermined on 
the basis of its performance, the differences 1 and 2 are so 
considered to reflect a traffic jam state at a queue 23x of 
a designated priority class in the node N#ab. According- 
ly, traffic jam data for each priority class can be prepared 
by performing addition, subtraction, multiplication or di- 
vision with respect to the differences 1 and 2, using co- ss 
efficients d termined from the performance of each of 
the apparatuses. 

Since the thus-prepared traffic jam data reflects the 
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actual traffic jam state, using the traffic jam data as the 
data in the first memory section 7 enables highly reliable 
estimation as to whether or not the packet 12 can b 
transmitted by the transmission time limit. 

Traffic jam data even on a remote node can oe ex- 
amined, if the second operation of th second embodi- 
ment is modified such that the packet is transmitted with 
the highest priority at all midway nodes on the route be- 
tween the sender and the destination, and is processed 
only at the node of destination in accordance with a pri- 
ority class to be examined. 

By virtue of the above-described structure and op- 
eration, the data transmission apparatus and method 
employed in the network system and according to the 
second embodiment can provide the following advan- 
tage: 

In addition to the structures and advantages recited 
in items (1) - (5) in the first embodiment, if packets of a 
constant length are used as in the ATM system, a more 
accurate expected transmission time period and more 
accurate traffic jam data can be obtained. As a result, 
very accurate estimation can be performed with respect 
to the possibility of transmission can be performed, 
thereby establishing an efficient network system. 

In the invention, the kind or structure of a packet to 
be transmitted is not particularly limited, but various 
kinds of packets can be used. 

Further, in the embodiments, a constellation type 
network structure is employed as an example. It is a mat- 
ter of course that the invention is applicable to an ATM 
network of a constellation type structure. However, the 
invention is not limited to a network system of a constel- 
lation type structure, but is also applicable to a structure 
in which nodes are linearly arranged, a structure in which 
nodes are annually arranged, etc. 

As explained above, the invention can provide data 
transmission method and apparatus employed in a net- 
work system, which can perform data transmission so as 
to fit to conditions concerning the time limit of receiving 
each packet, and can relax the traffic jam in the network. 

Claims 

1 . An apparatus for selectively transmitting, via a net- 
work, a packet including data concerning a receiving 
time limit by which the packet should be received by 
a receiver of destination, characterized by compris- 
ing: 

means (25, 26, 27) for determining whether or 
not the packet will be received by the receiver of des- 
tination by the receiving time limit, on the basis of 
the receiving time limit, an expected packet-trans- 
mission time period calculated from the receiving 
time limit, and a present time point; and 

means (23, 24, 28, 29) for discarding the 
pack t when the determination means (25, 26, 27) 
has det rmined that the packet will not be r ceived 
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^ by the receiver of d stination by the receiving time 
limit, and transmitting the packet via the network 
when the determination means (25, 26, 27) has 
determined that the packet will be received by the 
receiver of destination by th rec iving time limit. s 

2. A communication syst m for selectively transmit- 
ting, between a network and a plurality of data trans- 5. 
mission apparatuses connected to the network, a 
packet including data concerning a receiving time io 
limit by which the packet should be received by a 
receiver of destination, characterized by comprising: 

means (25, 26, 27) for determining whether or 
not the packet will be received by the receiver of des- 
tination by the receiving time limit, on the basis of is 
the receiving time limit, an expected packet-trans- 
mission time period calculated from the receiving 
time limit, and a present time point; and 

means (23, 24, 28, 2g) for discarding the 
packet when the determination means (25, 26, 27) 20 
has determined that the packet will not be received 
by the receiver of destination by the receiving time 
limit, and transmitting the packet via the network 
when the determination means (25, 26, 27) has 
determined that the packet will be received by the 2s 
receiver of destination by the receiving time limit. 

3. The communication system according to claim 2, 
characterized in that at least one of the data trans- 6. 
mission apparatuses includes: 30 

the means (25, 26, 27) for determining 
whether or not the packet will be received by the 
receiver of destination by the receiving time limit, on 
the basis of the receiving time limit, the expected 
packet-transmission time period calculated from the 35 
receiving time limit, and the present time point; and 

the means (23, 24, 28, 29) for discarding the 
packet when the determination means (23, 24, 28, 
29) has determined that the-packet will not be 
received by the receiver of destination by the receiv- 40 
ing time limit, and transmitting the packet via the net- 
work when the determination means (23, 24, 28, 29) 
has determined that the packet will be received by 
the receiver of destination by the receiving time limit. 

45 

4. A method^or selectively transmitting, via a network, 7. 
a packet including data concerning a receiving time 

limit by which the packet should be received by a 
receiver of destination, characterized by comprising 
the steps of: so 

determining (100, 101, 102, 103, 104) whether 
or not the packet will be received by the receiver of 
des&satfon by the receiving time limit, on the basis 
of the receiving time limit, an expected packet-trans- 
mission time period calculated from the receiving ss 
time limit, and a present time point; and 

discarding (105, 106) the packet when the 
determination step (100, 101, 102, 103, 104) has 



det rmined that the packet will not be received by 
the receiver of destination by the receiving time limit, 
and transmitting the packet via the network when the 
determination step (100, 101, 102, 103, 104) has 
d te rmined that the packet will be received by the 
r ceiver of destination by the receiving time limit. 

A method for selectively transmitting, between a net- 
work and a plurality of data transmission appara- 
tuses connected to the network, a packet including 
data concerning a receiving time limit by which the 
packet should be received by a receiver of destina- 
tion, characterized by comprising the steps of: 

determining (100, 101, 102, 103, 104) whether 
or not the packet will be received by the receiver of 
destination by the receiving time limit, on the basis 
of the receiving time limit, an expected packet-trans- 
mission time period calculated from the receiving 
time limit, and a present time point; and 

discarding the packet when the determination 
step (100, 101, 102, 103, 104) has determined that 
the packet will not be received by the receiver of des- 
tination by the recoiving time limit, and transmitting 
the packet via the network when the determination 
step (100, 101, 102, 103, 104)has determined that 
the packet will be received by the receiver of desti- 
nation by the receiving time limit. 

The method according to claim 5, characterized in 
that at least one of the data transmission appara- 
tuses executes the step of determining whether or 
not the packet will be received by the receiver of des- 
tination by the receiving time limit, on the basis of 
the receiving time limit, the expected packet-trans- 
mission time perioc. calculated from the receiving 
time limit, and the present time point; and the step 
of discarding the packet when the determination 
step (100, 101, 102, 103, 104) has determined that 
the packet will not be received by the receiver of des- 
tination by the receiving time limit, and transmitting 
the packet via the network when the determination 
step (100, 101, 102, 103, 104) has determined that 
the packet will be received by the receiver of desti- 
nation by the receiving time limit. 

A data transmission apparatus for transmitting, via 
a network, a packet including data concerning a 
receiving time limit by which the packet should be 
received by a receiver of destination, characterized 
by comprising: 

data receiving means (21) for receiving the 
packet transmitted via the network; 

memory means (7, 8) for obtaining and storing 
an expected transmission time period required for 
the received packet to be transmitted to the receiver 
of destination; 

acquisition means (25, 26) for acquiring th 
r ceiving time limit from the rec ived packet; 
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12. A data transmission method for transmitting, via a 
network, a packet including data concerning a 
receiving time limit by which the packet should be 
received by a receiver of destination, characterized 
by comprising the steps of: 

receiving (100) the packet transmitted via th 
network; 

obtaining and storing (101 ) an expected trans- 
mission time period required for the received packet 
to be transmitted to the receiver of destination; 

acquiring (1 02) the receiving time limit from the 
received packet; 

comparing (103) transmission time period 
data consisting of the expected transmission time 
period read from the memory means and a present 
time point, with the receiving time limit acquired from 
the packet; 

determining (104) whether or not the packet 
will be received by the receiver of destination by the 
receiving time limit, on the basis of a comparison 
result obtained in the comparison step (103); 

discarding (105) the packet if it is determined 
that the packet will not be received by the receiver 
of destination by the receiving time limit; and 

transmitting (106) the packet via the network 
if it is determined that the packet will be received by 
the receiver of destination by the receiving time limit. 



comparison means (27) for comparing trans- 
mission time period data consisting of the expected 
transmission time p riod read from the memory 
means (7, 8) and a pres nt time point, with the 
receiving time limit acquired from the packet; 

d termination m ans (27) for det rmining 
whether or not the packet will be received by the 
receiver of destination by the receiving time limit, on 
the basis of the comparison result obtained from the 
comparison means (27); and 

discard means (23, 24, 28, 29) for discarding 
the packet if the determination means (27) deter- 
mines that the packet will not be received by the 
receiver of destination by the receiving time limit. 

8. The data transmission apparatus according to claim 
7, characterized in that the discard means (23, 24, 
28, 29) has means (28) for transmitting at least data 
indicative of the discard of the packet, to a sender 
of the packet when it discards the packet. 

9. The data transmission apparatus according to claim 
7, characterized in that the discard means (23, 24, 
28, 29) has means (28) for transmitting the packet 
via the network when the determination means (27) 
has determined that the packet will be received by 
the receiver of destination by the receiving time limit. 

1 0. The data transmission apparatus according to claim 
7, characterized in that: 

the packet includes data concerning the prior- 
ity of data transmission; 

the determination means (27) has means for 
reading the data concerning the priority; and 

the discard means (23, 24, 28, 29) has means 
for altering the priority read from the packet in 
accordance with predetermined conditions when a 
determination result concerning the receiving time 
limit of the packet meets with the predetermined 
conditions, in order to enable data transmission 
according to the priority read from the packet. 

1 1 . The data transmission apparatus according to claim 
7, characterized in that: 

the packet includes data concerning its sched- 
ule transmission route; 

the determination means (27) has means for 
reading the data concerning the schedule transmis- 
sion route of the packet; and 

the discard means (23, 24, 28, 29) has means 
for altering the schedule transmission route of the 
packet on the basis of data stored in the memory 
means (7, 8) and concerning an expected time 
period required for the packet to pass a possible 
transmission route, when a determination result 
concerning the receiving time limit of the packet 
meets with predetermined conditions. 



13. The data transmission method according to claim 
30 12, characterized in that the discard step (105) 
includes the step of transmitting at least data indic- 
ative of the discard of the packet, to a sender of the 
packet when the packet is discarded. 

35 14. The data transmission method according to claim 
12, characterized in that the discard step (105) 
includes the step of transmitting the packet via the 
network when it is determined in the determination 
step that the packet will be received by the receiver 
40 of destination by the receiving time limit. 

15. The data transmission method according to claim 
12, characterized in that: 

the packet includes data concerning the prior- 
45 ity of data transmission; 

the determination step (104) includes the step 
of reading the data concerning the priority; and 

the discard step (105) includes the step of 
altering the priority read from the packet in accord- 
50 ance with predetermined conditions when a deter- 
mination result concerning the receiving time limit of 
the packet meets with the predetermined conditions, 
in order to enable data transmission according to the 
priority read from the packet. 

55 

16. The data transmission method according to claim 
12, characterized in that: 

the packet includes data concerning its sched- 
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ule transmission route; 

the determination step (104) includes the step 
of reading the data concerning the schedule trans- 
mission route of the packet; and 

th discard step (105) includes the step of s 
altering th schedule transmission route of the 
packet on the basis of data stored in the memory 
means and concerning an expected time period 
required for the packet to pass a possible transmis- 
sion route, when a determination result concerning 10 
the receiving time limit of the packet meets with pre- 
determined conditions. 
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EXAMPLE OF DATA IN FIRST MEMORY SECTION 7 
EXAMPLE OF DATA AT NODE N#3 

EXPECTED NEXT 
NODE TRANSMISSION TRANSMISSION TRAFFIC 

NUMBER ROUTE TIME PERIOD NODE JAM DATA 



N*M 2 J 20 2 5 

4,1 20 4 I 

N#2 2 \0 2 5 

4,1,2 30 3 8 

N#3 nu££ 

N #4 4 10 4 1 

2,1 ,4 30 2 5 



F I G. 4 



EXAMPLE OF DATA IN SECOND MEMORY SECTION 8 
EXAMPLE OF DATA AT NODE N#3 
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NODE NUMBER 


NUMBER 
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N #5 
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HOST N # 5 
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(57) A data transmission apparatus comprises a da- 
ta receiving section (21), a memory section (7, 8), an 
acquisition section (25, 26), a comparison section (25, 
26, 27), a determination section (27) and a discard sec- 
tion (23, 24, 28, 29). The comparison section (25, 26, 
27) compares transmission time period data consisting 
of an expected transmission time period read from the 
memory section (7, 8) and a present time point, with the 



receiving time limit of a packet acquired by the acquisi- 
tion section (25, 26). The determination section (27) de- 
termines whether or not the packet will be received by 
a receiver of destination by the receiving time limit, on 
the basis of the comparison result. The discard section 
(23, 24, 28, 29) discards the packet if the determine Uon 
section (27) determines that the packet will not be i re- 
ceived by the receiver of destination by the receiving 
time limit. 
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